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第二章：优化人髓单核细胞株 THP-1 分化为巨噬细胞的条件，考察 PMA 浓
度、刺激时间对于细胞分化的影响。从分化后巨噬细胞的形态、巨噬细胞表面
CD14 表达量的变化（流式细胞术分析）以及巨噬细胞吞噬荧光微球的能力等几















的诱导下 48 小时可分化成性能良好的巨噬细胞。 
第三章：建立快速、灵敏的 ICP-MS 检测细胞铍含量的分析方法，考察 THP-1
分化巨噬细胞与不同浓度的 BeO、BeSO4 孵育培养，细胞内铍的摄入量随时间的
变化情况，并通过所得数据分析铍化合物的主要摄入途径。实验结果表明，100 
M 的 BeO 和 BeSO4 刺激培养 48 小时之后，细胞的铍含量分别为 78.2  7.6 






第四章：考察 BeO、BeSO4 的刺激培养，THP-1 分化巨噬细胞摄入铍之后的
凋亡效应和细胞因子 TNF-分泌情况的变化。DAPI 染色以及 Western blotting 的
检测结果表明无论是 BeSO4 还是 BeO，THP-1 分化巨噬细胞均没有因为摄入大
量铍化合物而产生异常的凋亡情况，这也部分解释了 CBD 为何是慢性的。同时，























Beryllium, the lightest stable metal, possesses many unique physical and chemical 
properties that make it an ideal choice as a material for high-technology industries, 
such as aerospace, nuclear power, and electronics. However, Beryllium is also one of 
the most poisonous metal elements, environmental exposure to beryllium, even at 
very low concentrations, can trigger chronic beryllium disease (CBD), which is a 
granulomatous lung disorder resulting from a delayed-hypersensitivity, cell-mediated 
immune response to beryllium and could even result in death. Although progresses 
have been made in beryllium biochemistry and the molecular mechanism of CBD, 
there are some important questions remain unclear. For example, what is the main 
pathway of cellular beryllium uptake by alveolar macrophages, what protein binds 
with beryllium and acts as the beryllium antigen, and how does the uptaken beryllium 
disturb the normal physiologic function of immune system. 
The human monocytic leukemia cell line THP-1 develops macrophage functions 
following inducement by phorbol myristate acetate (PMA). The THP-1 differentiated 
macrophage has been extensively characterized, and its many cytochemical and 
immunological characteristics, such as lysozyme production, phagocytic activity, and 
capacity of response to T-lymphocyte, resemble alveolar macrophages of human 
origin. Due to metabolic and morphological similarities, THP-1 differentiated 
macrophages have been widely used as an in vitro model in the study of alveolar 
macrophage involvement in inflammatory diseases. In this study, THP-1 
differentiated macrophages were used to mimic human alveolar macrophages for a 
beryllium uptake and related biological effects study. A new method for cellular 
beryllium content measurement was developed using inductively coupled mass 
spectrometry (ICP-MS). The influence of the solubility of beryllium compounds, 
exposure duration, and beryllium concentration on the incorporation of beryllium was 















were applied for the apoptosis and TNF- level measurement. The thesis is composed 
of four chapters: 
Chapter I introduces the physical and chemical nature of beryllium, its industry 
usage, as well as the immuno-pathological mechanism of CBD. Recent literatures 
about the relevant research are reviewed. An in vitro cell model is proposed to study 
the cellular beryllium uptake and the related impact on cell physiology. 
Chapter II describes the optimization of THP-1 differentiation condition. The 
effects of PMA concentration, stimulation period of time are investigated. Based on 
the morphological change, CD 14 expression upregulated (determined with flow 
cytometry), and the phagocytic capability of the THP-1 differentiated macrophages, 
successful differentiation can be confirmed. Experimental results indicated that after 
48 h of 100 ng/mL PMA treatment, the confluent THP-1 cells can differentiate into a 
well performed macrophages.  
 Chapter III decribes the development of a rapid and sensitive method for cellular 
beryllium content measurement by using ICP-MS. The influence of the solubility of 
beryllium compounds, exposure duration, and beryllium concentration on the 
incorporation of beryllium was studied. Our data confirmed that the uptake of 
particulate BeO was much more significant than that of soluble BeSO4. After 48 h of 
treatment with the same 100 M of beryllium, cellular beryllium content reached 78.2 
 7.6 nmol/106 cells and 7.2  0.5 nmol/106 cells for particulate BeO and soluble 
BeSO4, respectively. This result indicated that phagocytosis of particulate beryllium 
is the major pathway for cellular beryllium uptake. Meanwhile, the role played by 
transferring and transferring receptor mediated pathway in the cellular beryllium 
uptake was also investigated. Apo-transferrin reduced the beryllium uptake while 
holo-transferrin significantly increased the uptake. This result indicated that 
transferrin play some role in cellular beryllium uptake. We antispate that transferrin 
and other biological macromolecules (having strong affinity to beryllium) along with 
their receptors on the cell surface can help carry soluble beryllium into the cells. 
Chapter IV decribes the study of the cytotoxic effect and TNF- expression by 















nucleic acid staining and Western blotting analysis indicated that beryllium uptake did 
not induce an apparent increase in apoptosis of THP-1 macrophages. These data could 
explain the delayed and relatively low occurrence (2-16%) of CBD among subjects 
exposed to beryllium. Meanwhile, TNF-α secretion was measured by ELISA for 
THP-1 differentiated macrophages. Upon stimulation with BeSO4 or BeO for 24 h or 
48 h, the TNF-α level did not get upregulated. These data indicate that macrophages 
can handle the beryllium burden from the respiratory tract and no actute biological 
response can be induced by the cellular beryllium uptake. 
In this paper, THP-1 differentiated macrophage was chosen as a model to study 
the cellular beryllium uptake and related biological effects, which are helpful in 
understanding the pathogenic mechanism of CBD. 
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